The nucleotide sequence of carnation ringspot virus (CRSV) RNA-1, the type member of the dianthovirus genus, has been determined. The 3756 nucleotide genomic RNA-1 contains three large open reading frames (ORFs), capable of encoding 27K, 54K and 38K polypeptides. In addition, a small ORF encoding a 10K polypeptide at the 3' terminus of the RNA has been identified. The gene organization of CRSV RNA-1 is similar to those of red clover necrotic mosaic (RCNMV) and sweet clover necrotic mosaic (SCNMV) dianthoviruses with the exception that CRSV RNA-1 contains the additional 3'-terminal ORF. The 27K and 54K proteins possess significant sequence similarity to cor-responding polypeptides of the other dianthoviruses. The 54K protein also contains the conserved RNAdependent RNA polymerase motif. The identification of a shifty heptanucleotide preceding the p27 ORF termination codon and a predicted secondary structure following the terminator suggest that a translational frameshifting event allows translation to continue past the p27 ORF into the p54 ORF, which is in the -1 frame, generating an 88K fusion protein. Amino acid sequence alignment of the 38K protein with the corresponding RCNMV and SCNMV polypeptides indicate that this is the viral capsid protein.
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The genome of carnation ringspot virus (CRSV), the type member of the dianthovirus group (Matthews, 1982; Hiruki, 1987) consists of two positive-sense ssRNA species of approximately 4kb (RNA-1) and 1.4kb (RNA-2) (Lommel et al., 1982) . The 1394 nucleotide sequence of the RNA-2 was recently determined (Kendall & Lommel, 1992) . CRSV RNA-2 contains a single large open reading frame (ORF) which encodes the 33.8K putative cell-to-cell movement protein.
Here we report the nucleotide sequence of CRSV RNA-1 and compare the deduced amino acid sequences of the predicted polypeptides with those of the two other dianthoviruses, red clover necrotic mosaic virus (RCNMV) and sweet clover necrotic mosaic virus (SCNMV). The RCNMV RNA-1 has been shown to encode the virus-specific RNA-dependent RNA polymerase and the capsid protein (Osman & Buck, 1987; Xiong & Lommel, 1989; Paje-Manalo & Lommel, 1989) . In addition, we present a comparative analysis of an RNA secondary structure required for efficient ribosomal frameshifting in RCNMV (K. H. Kim & S. A. Lommel, unpublished) .
CRSV purification, genomic RNA isolation, and cDNA synthesis were performed as previously described
The nucleotide sequence presented in this paper has been deposited in the EMBL/GenBank databases under the accession number L] 8870.
for the sequencing of CRSV RNA-2 (Kendall & Lommel, 1992) . Three cDNA clones which together represented nearly all of CRSV RNA-1 were identified and the nucleotide sequence of each was determined by the dideoxynucleotide chain termination method (Sanger et al., 1977) . Sequences were obtained from either fulllength clones or a nested series of exonuclease IIIgenerated deletions using the Erase-a-Base system (Promega). The 5'-terminal 57 nucleotides not represented by one of the eDNA clones was determined directly from viral RNA-1 by priming with the oligonucleotide 5' ACTGTCCAATCCCAGCCGGC 3', complementary to nucleotides 149 to 168.
The nucleotide sequence of CRSV RNA-1 is presented along with the deduced amino acid sequence of the major ORFs in Fig. 1 . CRSV RNA-1 is 3756 residues in length. Computer analysis revealed the potential for four large ORFs encoded by RNA-1 (Fig. 2) . The ORFs are labelled from 5' to 3' as p27, p54, p38 and pl0, corresponding to the M r of the polypeptide each encodes (respectively 27 161, 54317, 37924 and 9575).
The Y-proximal p27 ORF initiates at the first start codon at nucleotide 58 and terminates at nucleotide 765. The 57 residue 5' leader sequence is only half the length of the corresponding RCNMV and SCNMV 5' equivalents (Xiong & Lommel, 1989; Ge et al., 1993) . As in the case of SCNMV, there is no nucleotide sequence similarity between the 5" non-coding regions of CRSV GAATTTCGACAAGCATGAATGGGCGGTAGACCATTTTATG~CT~TCATGc~AAGGTTTTCTAGTGA~ATGGATGAAGTTGCAAAAC~TATCGTAACCC~ 300 2400  N  F  L  P  T  H  Y  S  R  L  H  X  D  L  L  V  P  I% Y  L  N  * N  T  8  I% Q  B  I% K  B  K  M  A769"12   C GCT GGTGCCTAAACAGCGTCAGAAC CTGGCTCGGACGGTGAAAACTGTCAAAATAC C TTACGCAACCACCCAGATAGTCACCACTAGCAACC~  2500  L  V  P  K  Q  R  Q  N  L  A  R  T  V  K  T  V  K  I  P  Y  A  T  T  Q  I  V  T  T  S  N  P  P  K  45 GAAG~GA~AAATcAAAGT~A~TGGAAGA~AATTGTTCATGT~G~TGATTACCTCGTCCAGCTTTGTGGTGAA~T~CT~TACTcC~A~ Fig. 1 . The nucleotide sequence of CRSV RNA-I and the amino acid sequence of the major ORFs. The amino acid sequence of each polypeptide is displayed in one-letter code below the first nncleotide of the first base of each codon within an ORF. Asterisks identify the first nucleotide of a termination codon.
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RNA-1 and -2 (Ge et al., 1992 (Ge et al., , 1993 . The internal p54 ORF initiates at nucleotide 942 and terminates at position 2364. This ORF is in the -1 frame relative to the p27 ORF. A 177 nucleotide intergenic region exists between the p27 and p54 ORFs. The 38K capsid protein ORF initiates immediately downstream from the p54 termination codon and terminates at nucleotide 3402 ( Fig. 1) . A putative pl00RF initiating at nucleotide 3494 and terminating at 3747 is also predicted in CRSV RNA-1. No corresponding T-proximal pl00RF exists in either RCNMV or SCNMV RNA-1 (Xiong & Lommel, 1989; Ge et al., 1993) . Only a nine nucleotide 3'-terminal non-coding region is present after the pl0 ORF. For these reasons, it seems unlikely that the pl0 ORF encodes a functional polypeptide. In the event that the p38 capsid protein ORF amber termination codon is suppressed during translation, a 51K protein composed of both capsid protein and 10K polypeptide sequences can be generated. There is no significant similarity between the 3' ends of CRSV RNA-1 and RNA-2. A stem-loop structure analogous to that of RCNMV (Xiong & Lommel, 1989) can be predicted in the 3' noncoding region of CRSV RNA-1. Analysis of the RNA-1 negative strand sequence revealed the presence of a p20-30RF. This ORF extends from nucleotides 3146 to 3704 of the negative strand that is entirely contained within the sequence complementary to the p27 ORF. RCNMV RNA-1 also contained an ORF at a similar location capable of encoding a 13.6K polypeptide. The alignment of the putative proteins encoded by the minus strand ORFs in CRSV RNA-1 and RCNMV RNA-1 indicate about 68% sequence identity in the 100 C-terminal amino acids. It was previously reported that minus strand Zavriev, unpublished) . Amino acid sequence alignments of the corresponding CRSV, RCNMV and SCNMV ORFs revealed substantial similarity. The CRSV pre-frameshift 27K protein shares 71% and 63 % amino acid sequence identity with those of RCNMV and SCNMV, respectively. The most highly conserved protein was the 54K to 57K polypeptide which is expressed as a fusion protein in RCNMV (Xiong et al., 1993) . The CRSV 54K protein was 79 % and 76% identical to RCNMV and SCNMV 57K polypeptides, respectively. This protein also contained the conserved core polymerase motif and is therefore predicted to be the viral polymerase (Koonin, 1991) . As expected, the least conserved dianthovirus polypeptide was the capsid protein with only 51 to 54% sequence identity between CRSV and the other two dianthoviruses. The sequence similarity among the dianthovirus capsid proteins was extensive enough, however, to predict both a shell and protruding domain based on the X-ray crystallographic structure of turnip crinkle virus (Dolja & Koonin, 1991; Carrington et al., 1987) . As expected, the shell domain was more highly conserved (58 %) than the protruding domain (34 %). The extent and location of sequence similarities among the dianthovirus capsid proteins correlates with the observation that polyclonal antisera to RCNMV or SCNMV do not react with CRSV and a single monoclonal antibody that reacts with CRSV, RCNMV and SCNMV most likely identifies a conserved shell domain epitope (Hiruki, 1987) . The Nterminal amino acid sequence of the CRSV RNA-1 p 10 ORF polypeptide contains an arginine-rich region which 
